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Abstract .  W e  have developed computer models of molecular elec- 
t r o n i c  and v i b r a t i o n a l  emission i n t e n s i t i e s .  Known r a d i a t i v e  emission 
rates (E ins t e in  c o e f f i c i e n t s )  p e r m i t  the  determination of r e l a t i v e  
exc i t ed  state d e n s i t i e s  from spectral i n t e n s i t i e s .  These codes have 
been applied t o  the  published spectra of glow above s h u t t l e  sur faces  
[Swenson e t  al., 19851 and t o  the  Spacelab 1 r e s u l t s  of Torr and Torr 
[19851. The theoretical high-resolut ion spec t r a  have been convolved 
with the  appropriate instrumental  s l i t  func t ions  t o  allow accurate  
comparison with da ta .  The published spacelab spectrum is  complex bu t  
N 2 +  Meinel (A+X) emission can be c l e a r l y  i d e n t i f i e d  i n  the  ram spec- 
trum. N 2  F i r s t  Pos i t i ve  emission does not  correlate w e l l  with 
observed f e a t u r e s ,  nor does the  CN Red System. Spectral overlay com- 
par i sons  are presented. The spectrum of g l o w  above s h u t t l e  sur faces ,  
i n  c o n t r a s t  t o  the  IS0 da ta ,  is not  highly s t ruc tured .  D i a t o m i c  
molecular emission has been matched to  the  observed s p e c t r a l  shape. 
Source e x c i t a t i o n  mechanisms such as (oxygen atom)-(surface species) 
r eac t ion  product chemiluminescence, sur face  recombination, o r  reso- 
nance f luorescent  re-emission w i l l  be discussed f o r  each t e n t a t i v e  
assignment. These assignments are the  necessary f i r s t  a n a l y t i c a l  step 
toward mechanism i d e n t i f i c a t i o n .  D i f f e ren t  g l o w  mechanisms w i l l  occur 
above sur faces  under d i f f e r e n t  o r b i t a l  condi t ions.  E f fec t ive  remedial 
a c t i o n s  can only be planned once the  glows have been charac te r ized .  
In t roduct ion  
While it is clear t h a t  a more extensive database is required i n  
order  to  cha rac t e r i ze  spacec ra f t  glows, considerable  i n s i g h t  i n t o  
p o t e n t i a l  mechanisms can be gained by c a r e f u l  a n a l y s i s  of e x i s t i n g  
d a t a  t o  e x t r a c t  a l l  the  information contained therein.  W e  p r e sen t  
here  our prel iminary spectral analyses  of the published IS0 d a t a  on 
Spacelab 1 [Torr and Torr, 19851 and the  spectrum from Lockheed's 
hand-held spectrophotometer on STS 41-D [ Swenson e t  al ,  , 19851. 
t r a l  pred ic t ions  are made f o r  var ious molecular e l e c t r o n i c  and vibra- 
t i o n a l  emission bands and compared with the  da t a .  The p a r t i c u l a r  
emitters w e r e  chosen as l i k e l y  candidates  i n  a k i n e t i c  review of the 
s h u t t l e  local environment. This review considered var ious classes of 
mechanisms that could occur both above and on s h u t t l e  sur faces .  
Because glows have been observed over a v a r i e t y  of sur faces ,  chemical 
r eac t ions  with the sur face  materials were not  h ighl ighted  i n  this 
review. They w i l l  be considered i n  a fu tu re  paper [Green e t  al., 
1985a], Our comparison of spectral predic t ions  with observat ions 
c l e a r l y  e l imina tes  many p o t e n t i a l  r a d i a t o r s  (such as N2 F i r s t  Pos i t i ve  
and CN Red Systems), c l e a r l y  i d e n t i f i e s  o the r  f e a t u r e s  as far-f ie l i f  
Spec- 
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atmospheric emissions (such as N2+ Meinel and F i r s t  Negative),  and 
suggests  o ther  p o t e n t i a l  r a d i a t o r s  (such as v i b r a t i o n a l  overtones of 
CO and NO i n  addi t ion  to  OH),  W e  w i l l  pre ese comp * s a f t e r  
our  k i n e t i c  review. 
P o t e n t i a l  Chemical Excitatio anisms 
The v a r i e t y  of chemical processes that could be occurr ing i n  
local s h u t t l e  environment i s  shown schematical ly  i n  Figure 1 .  A s  the 
ambient atmospheric 0 and N 2  e n t e r  the  local s h u t t l e  cloud ( a t  a rela- 
t i v e  ve loc i ty  8 km/s), they can s t r i k e  gas-phase contaminants and 
react with or c o l l i s i o n a l l y  e x c i t e  t h e m .  A major portion of t he  
atmospheric f l u x  reaches the  sur face  where it can e i t e  or react with 
adsorbed species on s h u t t l e  surfaces .  I f  the atmos ric N 2  s t r i k e s  a 
bare  sur face  s i te  it can d i s s o c i a t e  on impact [Green, 19841. 
oxygen, i f  slowed by gas-phase c o l l i s i o n s ,  can also be adsorbed. 
Surface recombination and desorpt ion could then give rise t o  emis- 
s ions .  F ina l ly ,  the ambient atmospheric species can react with sur-  
f ace  materials. In  the  gaseous contaminant cloud, the  preva len t  
species have been measured to be H 2 0  and C02 [Miller, 1983; Narcisi 
e t  a l . ,  19831, although H e ,  02,  A r ,  f reons,  c leaning agents and o the r  
spec ies  have a l s o  been de tec ted  i n  trace amounts. H 2 0  is  dominantly 
a t t r i b u t a b l e  t o  outgassing and the  f l a s h  evaporator system releases. 
The most l i k e l y  gas phase r eac t ions  are 
A t o m i c  
and i n  the  r e f l e c t e d  atmospheric shocklayer: 
Even though a l l  these  processes are endothermic, i n  t he  ram v e l o c i t y  
vector  the  k i n e t i c  energ ies  involved i n  the  c o l l i s i o n s  are s u f f i c i e n t  
(5.2 k 1 e V )  to p e r m i t  the reac t ions  to  proceed. I n  p a r t i c u l a r ,  the 
reverse  r eac t ion  (1 ) is  reasonably f a s t  (k-1 = 1.8 x IO'l2 cm3/s), 
while the forward r eac t ion  involving 0" is extremely rap id  (k4 
= 9.9 x 10-11 cm3/s): 
Thus, the  p o s s i b i l i t y  e x i s t s  f o r  c r e a t i n g  v ib ra t iona l ly  exc i ted  CO and 
OH from these gas-phase reac t ions .  In  addi t ion  to reac t ion ,  processes 
1 and 2 could simply lead to  v i b r a t i o n a l l y  exc i ted  H 2 0  and C02 
( r e s u l t i n g  i n  in f r a red  emission).  These v ib ra t iona l  e x c i t a t i o n  cross 
sec t ions  have been measured t o  be l a rge  [Dunn e t  a l , ,  19751 a t  some- 
what lower t r a n s l a t i o n a l  energ ies  (4-6 km/s). Radiance l e v e l s  can be 
est imated from these  cross sec t ions ,  contaminant l e v e l s ,  and atmo- 
sphe r i c  f luences  to  be less than 100 kFt i n  the  i n f r a r e d ,  Overtone 
emission i n  the  v i s i b l e  w i l l  be much weaker and should make neg l ig ib l e  
cont r ibu t ions  to  v i s i b l e  glow spectra. Gas-phase chemical r eac t ions  
do not  occur a t  a s u f f i c i e n t  rate to generate  s i g n i f i c a n t  glow 
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i n t e n s i t i e s .  For contaminant column d e n s i t i e s  of 2 x 10 l2  cmS2 and 
assuming (1 1 rate cons tan ts  0.01 gas k i n e t i c  and ( 2 )  t h a t  1% of the  
product molecules are exc i ted  and e m i t  i n  the 
i n t e n s i t i e s  of hundreds of Rayleig . Sta ted  i n  another 
manner, only 1% of the  incoming ambient f l u x  goes c o l l i s i o n s  with 
the  H 2 0  contaminant cloud. Howeve i t ies  w e r e  con- 
s ide rab ly  higher  due to  r a m  pressu , then gas-phase chemical 
r eac t ions  could con t r ibu te  t o  the  glow. The spatial ex ten t  of the 
glow f o r  these processes would r e f l e c t  the  contamination concentrat ion 
g rad ien t s  above the  surf aces. 
t h r u s t e r  f i r i n g s .  The t h r u s t e r  equi l ibr ium e s t  concentrat ions are 
ca l cu la t ed  as 33% H 2 0 ,  31% N 2 ,  17% H 2 ,  13% CO, and 4% C02,  with traces 
of H, 0 2 ,  and monomethylhydrazine-NO3, However, r a d i c a l s  w i l l  be pro- 
duced i n  high concentrat ions during the  t h r u s t e r  f i r i n g  and w i l l  
persist i n  t h i s  environment. Likely candidates  are OH and NH2. NH2 
has a s t ruc tu red  emission spectrum i n  the  yellow region of the  v i s i -  
b l e .  During t h r u s t e r  f i r i n g s  exhaust spec ies  leave the  nozzle a t  an 
average ve loc i ty  of 3.5 x 105 c m / s .  
d i r e c t e d  i n t o  the r a m ,  l a rge  c o l l i s i o n a l  energ ies  can r e s u l t .  For 
example, the  r eac t ion  
An add i t iona l  gas-phase glow has been observed dur ing/af te r  
I f  the t h r u s t e r  exhaust is 
N 2  ( t h r u s t e r )  + 0 + NO(v) + 0 A H 2 9 8  = + 3.2 e V  ( 3 )  
could occur a t  c o l l i s i o n a l  energ ies  of up to  6.5 eV.  Under these 
condi t ions  up t o  15 quanta of v ib ra t iona l  energy i n  NO could be 
exc i ted .  Additional processes such as 
o + H 2  -+ OH + H A H 2 9 8  = + 0.1 ev (exothermic) ( 5 )  
N 2  + H 2  + NH + N + H A H 2 9 8  = + 10.7 e V  ( 6 )  
N 2  + H2 + NH2 + N A H 2 9 8  = + 6.9 e V  ( 7 )  
can occur. Due t o  the high concentrat ions of neu t r a l s  re leased i n  a 
t y p i c a l  RCS t h r u s t e r  f i r i n g  ( 1 0 2 5  molecules i n  80 m s ) ,  hundreds of 
k i lo ray le ighs  of radiance could e a s i l y  arise, even assuming only one 
c o l l i s i o n  i n  106 l eads  t o  a v i s i b l e  photon. In  summary, gas-phase 
chemiluminescent reac t ions  can e a s i l y  account f o r  observed b r i g h t  
f l a s h e s  assoc ia ted  with t h r u s t e r  events.  I f  t h r u s t e r  e f f l u e n t s  are 
trapped above r a m  sur faces ,  these concentrat ion enhancements could 
g ive  rise to de tec t ab le  chemiluminescent glows. Outgassing/offgassing 
contamination l e v e l s  appear t o  be s u f f i c i e n t l y  s m a l l  so that gas-phase 
reactions of these  species cannot explain observed radiance l e v e l s  i n  
t h e  v i s i b l e .  The r e l a t i v e  importance of var ious processes 
con t r ibu t ing  to the  glow may change i n  o ther  spectral regions.  
s h u t t l e  surfaces .  Self-contamination has long been recognized as a 
problem [ Scialdone, 19721 because the  mean free path between 
c o l l i s i o n s  is l a rge  enough for molecules from loca l ized  contamination 
sources  to  be c o l l i s i o n a l l y  backscat tered over large areas of the  
s h u t t l e .  Mass spectrometric observat ions i n  the cargo bay d e t e c t  
remote t h r u s t e r  f i r i n g s ,  r e f r i g e r a n t ,  and H e  leaks.  The degree of 
adsorpt ion of a given species is sur face-spec i f ic .  However, H 2 0 ,  the 
All of these gas-phase species w i l l  be adsorbed to  some ex ten t  on 
84 
m o s t  p reva len t  gas-phase contaminant, is notorious f o r  being e a s i l y  
physisorbed on a h o s t  of sur faces .  Carbon dioxide,  carbon monoxide, 
n i t rogen ,  and hydrogen are also l i k e l y  to  be p resen t  i n  order  of 
decreasing concentrat ion.  These physisorbed spec ies  are dynamically 
moving over su r face  si tes,  c rea t ing  a sur face  cons i s t ing  of both 
occupied and bare  bonding sites. The molecules i n  the  ambient f l u x  
continuously s t r i k e  the  s h u t t l e  sur face  sites. For a pol ished sur-  
face ,  t he re  are log5 sites/cm2 and a t  250 km; an ambient oxygen atom 
w i l l  s t r i k e  a sur face  s i te  once a second on average. For rougher sur- 
f aces ,  the  number of sur face  si tes can be much g rea t e r .  Ambient 0 o r  
N 2  may not  react or c o l l i s i o n a l l y  desorb these species with u n i t  
e f f ic iency .  Thus, i f  contaminant/effluent molecules are adsorbed on 
t i l e  sur faces ,  it may take  minutes or even hours f o r  t he  ambient f l u x  
t o  "clean" the  surface.  Contaminant mobil i ty  on the  sur face  w i l l  
a l low "creep" from non-ram su r f  aces to  rep len ish  the  physisorbed 
spec ies  concentrat ion on ram sur faces .  I n  analogy with the  gas phase, 
r eac t ions  1-3 and 5-7 may occur. The energy of physisorpt ion w i l l  
a l s o  have t o  be overcome, making the  reac t ions  s l i g h t l y  more endo- 
thermic. Nevertheless,  t he re  is s t i l l  s u f f i c i e n t  k i n e t i c  energy i n  
c o l l i s i o n  t h a t  chemiluminescent r eac t ions  o r  c o l l i s i o n a l  e x c i t a t i o n  
could occur. 
o f t e n  enough energy i n  the  c o l l i s i o n  t o  d i s s o c i a t e  the  N 2  with the  
product N atoms remaining physisorbed on the  surface.  A t o m i c  oxygen 
i n  the  r a m  f l u x  may no t  be adsorbed as r ead i ly  s ince  the  energy of t he  
c o l l i s i o n  is no t  channeled i n t o  p o t e n t i a l  energy and must be d i s s i -  
pated through o ther  channels. If  r e f l e c t e d  oxygen atoms undergo 
numerous c o l l i s i o n s  with contaminant species, they may remain i n  the 
v i c i n i t y  of the  su r face  and be adsorbed. Thus, the r e l a t i v e  concen- 
t r a t i o n  of 0 and N on the  sur faces  is  not  obvious. The ni t rogen and 
oxygen atoms on the  su r face  can then recombine t o  exc i t ed  molecular 
states. This class of mechanisms w a s  f i r s t  suggested by Green [ 19841 
and reviewed thoroughly by Green e t  al .  [ 1985bl. Recombination can 
g ive  rise to  N 2 ,  02,  and NO. A l l  these  species have been observed i n  
heterogeneous recombination i n  the  labora tory  by varying mole f r ac -  
t i o n s  of N and 0 [ Halstead, 19851. 
preference f o r  recombination par tner ;  i.e., N2  recombination is no t  
excluded i n  the  presence of 0 atoms. 
The above chemical mechanisms can produce chemiluminescent exc i ta -  
t i o n  up t o  the  l e v e l  of r e a c t a n t  k i n e t i c  energies  (as modified by 
r eac t ion  exo/endothermici t ies) .  Plasma exc i t a t ion  mechanisms, on the  
o the r  hand, involve ene rge t i c  (-100 e V )  e l ec t rons  which could e x c i t e  
higher  molecular e l e c t r o n i c  states and even d i s s o c i a t e  or ion ize  
species. Thus, s i g n i f i c a n t  spectral d i f f e rences  are expected (as 
demonstrated b e l o w ) .  
I f  N 2  i n  t he  atmospheric f l u x  s t r i k e s  a bare sur face  s i te ,  the re  is 
There appears to  be no obvious 
S p e c t r a l  Comparisons 
I n  order  to quant i fy  emission l eve l s ,  we have developed a t  PSI 
spectral synthes is  codes which p r e d i c t  very high-resolut ion molecular 
e l e c t r o n i c  and v i b r a t i o n a l  spectra for a hos t  of molecules and band 
systems. These "bas i s  funct ions"  are then convolved with the  appro- 
priate s l i t  funct ion f o r  each appl ica t ion .  The emission from various 
states and species can be combined to  give a composite spectrum. 
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Least-squares f i t t i n g  is  used to  a d j u s t  t he  ind iv idua l  state popula- 
t i o n s  to achieve a "best"  f i t .  The r e l a t i v e  emi t t i ng  state popula- 
t i o n s  are the  end product of this ana lys is .  
A s  an example of t he  code 's  c a p a b i l i t y ,  the  220-400 nm section of 
t h e  IS0 r a m  spectrum [Torr and Torr, 19851 is  p l o t t e d  i n  Figure 2 ,  
along with syn the t i c  spectral p red ic t ion  f o r  N2+ F i r s t  Negative bands. 
The best f i t  w a s  achieved f o r  a r o t a t i o n a l  temperature of 2000 K and 
18 a reso lu t ion .  This r e so lu t ion  is l o w e r  than quoted, ye t  spectra a t  
t h e  nominal 6 A r e so lu t ion  do no t  match the  observed f luorescence 
s igna ture .  The r e l a t i v e  shapes and i n t e n s i t i e s  of the Av = 0 and 1 
series (and even the  marginal i n t e n s i t y  of the  Av = 2 series) a l l  
agree w e l l  with t h e  data .  Five v i b r a t i o n a l  levels (v '  = 0-4) w e r e  
included i n  the  f i t ,  and the  v i b r a t i o n a l  d i s t r i b u t i o n  der ived is q u i t e  
similar t o  the d i s t r i b u t i o n  expected f o r  solar resonance f luorescence 
e x c i t a t i o n  of N 2 + ( X )  as suggested by Torr and Torr, although the popu- 
l a t i o n s  of l e v e l s  2-4 had t o  be increased somewhat above the resonance 
f luorescence d i s t r i b u t i o n ,  and may i n d i c a t e  v i b r a t i o n a l  e x c i t a t i o n  i n  
N 2 + ( X ) .  There is no evidence f o r  chemical glow processes such as N O ( B )  
emission. Cer ta in ly ,  the N2+(B)  could not  arise from a chemical 
source. A plasma process ,  on the  o ther  hand, would e x c i t e  consider- 
a b l e  N2 Second Pos i t i ve  (C-tB) emission. A l abora tory  W spectrum of a 
beam plasma discharge is  p lo t t ed  i n  Figure 3. The discharge w a s  con- 
ducted i n  pure N 2  a t  4 x 10l3 molecules/cm3 dens i ty .  
P o s i t i v e  emission is evident  and i n  f a c t ,  dominates the  spectrum. 
Lyman-Birge-Hopf i e l d  and Fourth Pos i t i ve  bands are a l s o  observed 
weakly i n  the  labora tory  spectrum. Since these  f ea tu res  are absent  i n  
t h e  IS0 spectrum, we conclude t h a t  t he  W por t ion  of the  IS0 spectrum 
i s  dominated by f a r - f i e l d  atmospheric emission. 
The complex v i s i b l e  por t ion  of the  published IS0 ram spectrum is 
reproduced i n  Figure 4a. Assignment of f ea tu re s  i n  this spectrum is 
more d i f f i c u l t  bu t  var ious atomic l i n e s  and N2+ Meinel (A-tX) t rans-  
i t i o n s  are c l e a r l y  i d e n t i f i e d  (aga in  presumably from resonance 
f luorescence e x c i t a t i o n  i n  the  f a r - f i e l d  atmosphere). Synthe t ic  
Meinel band p red ic t ions  are shown i n  Figure 4b, as are the  F i r s t  Posi-  
t i v e  fea tures .  Agreement of t he  syn the t i c  spectrum with the  da t a  is 
marginal--Meinel bands match observed s p e c t r a l  f e a t u r e s  but  F i r s t  
P o s i t i v e  emission is c l e a r l y  not  a major component of the IS0 spec- 
trum. CN Red bands (A-tX) w e r e  also synthesized and d id  not  match the  
observed f ea tu res .  These f ea tu res  are i n  the correct s p e c t r a l  region 
b u t  have the wrong shape. I n  l i g h t  of the  above k i n e t i c  d i scuss ion ,  
overtone v i b r a t i o n a l  t r a n s i t i o n s  f o r  CO and NO w e r e  created.  A 
syn the t i c  spectrum of these  t r a n s i t i o n s  is shown i n  Figure 5. Because 
t h e  molecular d ipo le  moment func t ions  are n o t  w e l l  known, there  are 
l a r g e  unce r t a in t i e s  i n  t h e  spectral i n t e n s i t i e s .  The band pos i t i ons  
are q u i t e  accu ra t e ly  known and the  r e l a t i v e  s p e c t r a l  shape should be 
accurate enough to  provide in s igh t .  Hydroxyl, t he  most probable 
r a d i a t o r ,  is not  included a t  present .  W e  are incorpora t ing  recent  
spectroscopic cons tan ts  i n t o  our code a t  p re sen t  [Langhoff, 19851. A 
labora tory  v i s i b l e  spectrum of an N2/02 mixture during a b e a m  plasma 
discharge is displayed i n  Figure 6. Much s t ruc tu red  emission includ- 
i n g  02' F i r s t  Negative, N2 F i r s t  Pos i t i ve ,  and N2+ Meinel bands, is 
observed along with seve ra l  atomic l ines .  The overlap with the  IS0 
spectrum i s  again poor; no broad spectral f ea tu res  rise to  the  red as 
a r e s u l t  of plasma processes. 
Strong Second 
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The Swenson e t  al. C19851 da ta  are presented i n  Figure 7. Upon 
inspec t ion  of t h i s  broad spectrum, there are seve ra l  s t r i k i n g  fea-  
tures .  The "noise" level is  not  cons tan t  bu t  is  much l a r g e r  where 
the re  is spectral i n t e n t i t y .  The "noise" sp ikes  are o f t en  seve ra l  
r e so lu t ion  elements wide. Both these  observat ions suggest  t h a t  the  
"noise" f e a t u r e s  are real s t r u c t u r e  . Fina l ly ,  the s t ronges t  "noise" 
sp ike  f a l l s  a t  520.0 nm, exac t ly  where N ( 2 D )  atmospheric emission l i n e  
occurs. Prompted by these  observat ions,  we f e l t  t h a t  s t r u c t u r e  
poss ib ly  ex i s t ed  i n  the broad continuum--that Mende's da t a  w e r e  per- 
haps less noisy than they appeared. Nitrogen e l e c t r o n i c  spectra 
( inc luding  F i r s t  P o s i t i v e )  w e r e  unable to  match the  broad spectral 
f e a t u r e s  f o r  any v i b r a t i o n a l  or r o t a t i o n a l  d i s t r i b u t i o n .  However, i n  
response to  our k i n e t i c  ana lys i s ,  we performed a least-squares f i t  of 
NO overtone v i b r a t i o n a l  bands t o  the observed spectrum. The NO e m i s -  
s i on  series are more s t ruc tu red  than the  data;  nevertheless ,  s eve ra l  
s p e c t r a l  f e a t u r e s  are reproduced. The present  ca l cu la t ions  extend 
only to v' = 19; inc lus ion  of higher  v i b r a t i o n a l  l e v e l s  of NO would 
tend to f i l l  i n  the  gaps i n  the  computed spectrum. Inclusion of addi- 
t i o n a l  r a d i a t o r s  such as OH may aLso improve the comparison. W e  f e e l  
t h a t  v i b r a t i o n a l  emissions are p resen t  a t  some l e v e l  i n  t h i s  spectrum. 
The highly s t ruc tu red  labora tory  BPD spectrum of Figure 6 c l e a r l y  does 
no t  agree with the Lockheed da ta .  
Using a 20,000 K r o t a t i o n a l  temperature, together  with the  vibra- 
t i o n a l  d i s t r i b u t i o n  f o r  NO(v) obtained from our b e s t  f i t  t o  the  
Swenson e t  al. [I9851 spectrum, we ca lcu la ted  t h e  in f r a red  emission 
spectrum. This spectrum i s  presented i n  Figure 8. I f  indeed NO (and 
CO o r  OH) is  p resen t  i n  spacec ra f t  glow, the  in f r a red  emission spec- 
trum w i l l  be very br ight .  I t  w i l l  s i g n i f i c a n t l y  i n t e r f e r e  with remote 
observat ions of deep space o r  the  Ear th ' s  atmosphere where in f r a red  
radiances are i n  t h e  MegaRayleigh range. 
Summary 
Although t h i s  work is prel iminary,  spectral f i t t i n g  ana lys i s  has 
suggested t h a t  chemical processes w i l l  p lay a r o l e  i n  observed glows. 
The t w o  glow observat ions considered w e r e  q u i t e  d i f f e r e n t  i n  s p e c t r a l  
d i s t r i b u t i o n .  The alarming a spec t  of the IS0 d a t a  is t h a t  even look- 
ing  out  of t h e  payload bay and not  observing any s h u t t l e  sur faces ,  a 
glow spectrum w a s  obtained underlying f a r - f i e l d  atmospheric emissions. 
A number of chemiluminescent mechanisms have been suggested as g iv ing  
rise to  v i b r a t i o n a l l y  exc i ted  OH, CO, and NO dominantly, i n  add i t ion  
t o  previously suggested su r face  recombination mechanisms. Vibra t iona l  
overtone emissions may w e l l  be p re sen t  i n  the  glow data .  Due to  the 
v a r i a b i l i t y  of the  s h u t t l e ' s  environment, it is  l i k e l y  that  the re  w i l l  
be condi t ions  on-orbi t  when d i f f e r e n t  chemical plasma mechanisms w i l l  
dominate glow emission. Given this, it is not  r e a l l y  su rp r i s ing  t h a t  
t h e  t w o  spectra do n o t  agree.  Extension of the d a t a  base w i l l  a l l o w  
t h e  var ious phys ica l  regimes to  be quan t i f i ed ,  a l l o w  the key mech- 
anisms to  be i d e n t i f i e d ,  and permit meaningful remedial ac t ions  to be 
taken . 
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